The purpose of this study was to investigate chemical composition and cytotoxic activities of essential oils from Zingiber striolatum Diels flowers, leaves and stems. 73, 68 and 66 compounds representing 97.0%, 94.8% and 93.7% of flowers, leaves and stems essential oils were identified using GC-FID and GC-MS, respectively. The main constituents of the flowers oil were β-phellandrene (28.5%), α-humulene (14.7%), β-pinene (8.2%), β-elemene (5.5%), humulene oxide II (3.5%), cryptone (3.3%) and tricosane (3.2%). The predominant components in the leaves oil were hexahydrofarnesyl acetone (24.7%), α-humulene (12.2%), phytol (11.9%), humulene oxide II (6.3%), β-pinene (4.3%), sandaracopimaradiene (3.1%) and β-elemene (3.0%). The stems oil contained mainly α-humulene (15.6%), humulene oxide II (7.9%), hexahydrofarnesyl acetone (7.4%), phytol (7.2%), humulene oxide I (4.1%), β-elemene (3.8%) and 4-terpineol (3.2%). The cytotoxic activity against human leukemic (K562), prostatic carcinoma (PC-3) and lung cancer (A549) cell lines of essential oils was assessed using MTT assay. The essential oils of flowers, leaves and stems exhibited significant cytotoxicity against K562 (IC50: 12.94-37.89 μg/mL), PC-3 (IC50: 69.06-82.56 μg/mL) and A549 (IC50: 45.73-66.12 μg/mL) cell lines. This is the first report on the chemical constituents and cytotoxic activities of Z. striolatum flowers, leaves and stems essential oils.
Plant Source
The flowers, leaves and stems of Z. striolatum were collected from Guizhou Province of China in September 2018. Identity of the species was confirmed by Prof. Shenghua Wei of Guizhou University of Chinese Medicine. The voucher specimen (NO.1936 ) was deposited at Guizhou Engineering Center for Innovative Traditional Chinese Medicine and Ethnic Medicine, Guizhou University.
Previous Studies
The genus Zingiber, as an important source of essential oil, is widely used as food and traditional medicinal plant [1, 2] . Zingiber striolatum Diels, a perennial plant of this genus widely cultivated in China, is a unique healthy vegetable and used as a traditional Chinese medicine for treatment of abdominal pain and diarrhea [3, 4] . In previous studies, the ethanol extract of Z. striolatum was found to possess nematicidal activity [5] and hypoglycemic activity [6] . It was reported that the major constituents of Z. striolatum rhizome essential oil were β-phellandrene (23.96%), sabinene (17.34%), β-pinene (11.36%) and the essential oil demonstrated significant antimicrobial and anticancer properties [7] . To the best of our knowledge, the chemical composition and cytotoxic activities of Z. striolatum flowers, leaves and stems essential oils have not been reported.
Present Study
The dry Z. striolatum flowers, leaves and stems (800 g) were separately subjected to hydrodistillation for 5 h using a Clevenger-type apparatus to obtain the essential oils. The flowers, leaves and stems essential oils were separately dried over anhydrous Na2SO4 and stored in amber bottle at 4°C until further analysis. The yields of the hydrodistilled flowers, leaves and stems essential oils were 0.39% (w/w), 0.27% (w/w) and 0.18% (w/w) of dry weight, respectively. The essential oils were identified and quantified by GC-FID and GC-MS and the results were presented in Table 1 . A total of 73, 68 and 66 compounds representing 97.0%, 94.8% and 93.7% of the total oil were identified in essential oils of flowers, leaves and stems, respectively. The chemical constituents of the essential oils were classified as monoterpene hydrocarbons (0.9-45.0%), oxygenated monoterpenes (5.3-8.9%), sesquiterpene hydrocarbons (21.1-30.0%), oxygenated sesquiterpenes (5.6-20.6%), diterpenes (0.3-40.6%) and others (6.1-15.2%). The main constituents of the flowers oil were β-phellandrene (28.5%), α-humulene (14.7%), β-pinene (8.2%), β-elemene (5.5%), humulene oxide II (3.5%), cryptone (3.3%) and tricosane (3.2%). The major components of the leaves oil were hexahydrofarnesyl acetone (24.7%), α-humulene (12.2%), phytol (11.9%), humulene oxide II (6.3%), β-pinene (4.3%), sandaracopimaradiene (3.1%) and β-elemene (3.0%). The stems oil contained mainly α-humulene (15.6%), humulene oxide II (7.9%), hexahydrofarnesyl acetone (7.4%), phytol (7.2%), humulene oxide I (4.1%), β-elemene (3.8%) and 4terpineol (3.2%). In our previous study, the main components of the Z. striolatum rhizomes oil were βphellandrene (23.96%), sabinene (17.34%), β-pinene (11.36%), geranyl linalool (8.56%), 4-terpineol (8.27%), α-pipene (5.56%) and crypton (4.49%) [7] . These compounds are present in different ratios in other Zingiber species. For example, β-phellandrene was the main compound of Z. spectabilis inflorescence oil, which was a key ingredient of cleaning, cosmetic and medical products [11, 12] . α-Humulene was found to be the main constituent in Z. zerumbet rhizome essential oil, which was known for its anti-inflammatory property [13, 14] . Hexahydrofarnesyl acetone and phytol have been reported to be the major constituents in Z. chrysanthum leaf hexane extract, and hexahydrofarnesyl acetone was the oxidation product of phytol [15, 16] In the previous studies, essential oils from genus Zingiber have been characterized. The major constituents in the essential oil from Z. nimmonii rhizome were β-caryophyllene (42.2%) and αhumulene (27.7%) [1] . The most abundant constituents in the essential oil from Z. officinale rhizome were reported as zingiberene and ar-curcumene [1] . Zerumbone was the predominant component in the rhizome oil of Z. zerumbet, but the major components of its leaves and flowers oil were (E)-nerolidol, βcaryophyllene and linalool [9, 13] . The main components of Z. cassumunar rhizome essential oil were terpinen-4-ol (40.5%) and sabinene (17.4%) [17] . The major components of the essential oil from Z. spectabile leaf were β-caryophyllene (21.3%) and β-elemene (12.5%), the main component in its rhizome oil was zerumbone (59.1%) [18] . The main constituents of the rhizome oil from Z. anamalayanum were δ-2-carene (52.83%), camphene (9.83%), endo-fenchol (9.42%) [19] . In the present study, the most abundant constituents in Z. striolatum flowers, leaves and stems essential oils were β-phellandrene (0.5-28.5%), α-humulene (12.2-15.6%), hexahydrofarnesyl acetone (0.2-24.7%) and phytol (0.1-11.9%). The chemical constituents of Z. striolatum essential oils varied according to different parts.
The cytotoxic activities of Z. striolatum flowers, leaves and stems essential oils were evaluated against human leukemic (K562), prostatic carcinoma (PC-3) and lung cancer (A549) cell lines using MTT assay. The results were presented in Table 2 . The cytotoxic activities of the essential oils were compared with cisplatin as positive control. The essential oils of flowers, leaves and stems exhibited significant cytotoxicity against A549 (IC50: 45.73-66.12 μg/mL), PC-3 (IC50: 69.06-82.56 μg/mL) and K562 (IC50: 12.94-37.89 μg/mL) cell lines in a concentration-dependent manner. The cytotoxic activities of the flowers, leaves and stems essential oils can be attributed to the high content of terpenoids, such as α-humulene, β-pinene, β-elemene and phytol, which have been reported to have cytotoxic activity [20] [21] [22] [23] . In addition, β-caryophyllene, as a chemical component with less content in Z. striolatum essential oils, significantly potentiated the cytotoxic activity of α-humulene against human breast adenocarcinoma cell line (MCF-7) [24] . Therefore, the cytotoxic activities of Z. striolatum flowers, leaves and stems essential oils may be attributed to the specific chemical constituents, and/or synergies between various components.
Z. zerumbet rhizome oil exhibited significant cytotoxicity towards human cancer cell lines (A549, MDAMB-231, A431, K562, WRL-68, and HaCaT) with IC50 values (33.37-46.02 μg/mL) [13] . Z. officinale essential oil was found strong cytotoxic activity against human cancer cell lines (HO-8910 and Bel-7402) and IC50 values were 0.00643 and 0.00256% (v/v), respectively [25] . In the present study, the essential oils of Z. striolatum flowers, leaves and stems exhibited significant cytotoxicity against A549 (IC50: 45.73-66.12 μg/mL), PC-3 (IC50: 69.06-82.56 μg/mL) and K562 (IC50: 12.94-37.89 μg/mL) cell lines. The cytotoxic activity of the essential oils against K562 cell line was found significantly higher than that against PC-3 and A549 cell lines (p < 0.05). 
